AD-A021  064 


VAPOR  PRESSURE  OF  N-N ITROSODIMETHYLAMINE 


Elfreda  T.  Chang 


Aerospace  Corporation 


Prepared  for: 

Space  and  Missile  Systems  Organization 


15  January  1976 


DISTRIBUTED  BY: 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


, ^ .v*' " ' 1.^“  j 


’ j;'  - .iv>  V ' 

‘ '^'f-  .1  . .’'  "*A  ’’■»'<«  ~ 1'  '■>  .'  '••'^  ' ..  ^ . ‘ '<.,»  ^/>-r  . • - \ ' \"  •.  '•  - . ?-* 


^ A'- " - ' T :^-i^' 

s>.  Z\'  ' * *’'  ~‘*** *' * ''■•  N'*"*  < ■ ' * ■'■*.-''  -T-'”-/ •'C' 

‘'•%irv'f^ '’‘.-■■‘i/ ' ‘ - ' --''V 

L . "^v  ■•-.'■1  " '“.^s  Ji  •./•;'». ».’V*-»»*<-  '•I.'*  - ' I • v^*^’*«''  4 ■ * * '•-''  .''f* 

^■<*-* 'A  ''■v',v-->-'''.'  > 'Vi-,v'^  . 'Aa  V • ' , ..*  .-'  ■•'.  .•.>'^,i'iv' 

,'-<'»^  ',-,i>:-V';  if'  .'v;'. ■'  ; ■-.,-  • V r'--!i  'wr.  ^'.  -A  ',  - . '‘-  -■  Ji  V'  - . - -aa 

’-'- ■j.-V' A^AA-j- ■>'■>•  i -i'-j"'-,'  "■'-  ■ . J ■ ■■'  f-f'- , ■ -■  -X  :■  ■■  * , ’ ■ . - , '"  r'' /''  ' 

' ■-,  i .-  V.  ,:p  ■ ''V  A 0 A >,  ■•  A'!  ^ .’AA  ,,  .,;--‘'"A’ 

-V^  5?:."  "a;. ''^' '"'  ■ v‘"'- ' V A.;,a'’' .■^' " ’ . T 

A-'?-  Ai'VAi^voj ,;- %v'  ;’'  a- 

-:,^.  ■ .a;i.a,  <,  ''r-v 

Los  Angeles  Air  Force  Station 
P.O.  Box  92960,  Worldway  Postal  Center 
Los  Angeles,  Calif.  90009 


Reproduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

US  Department  of  Commarea 
Spnnpfrafd.  VA.  22151 


Deputy  f5r  launch 


UNCLASSIFIED 

security  classification  of  this  page  raiiM  Dmm  EmMn4) 

REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 
BEPCMtE  COMPLETING  FORM 

3 

1 REPORT  number 

SAMSO-TR-75-306 

2.  oovt  accession  no. 

1.  RECIPIENT'S  CATALOG  NUMBER 

'■ 

« T| T L E f «nrf  Subllllm) 

VAPOR  PRESSURE  OF 

N-  N ITROSODIM  ETHY  LAMINE 

S.  TYPE  OF  REPORT  • PERIOD  COVERED 

Interim 

e.  PERFORMING  ORC.  REPORT  NUMBER 

TR-0076(6296)-1 

■ 

T AUTMORfaJ 

Elfreda  T.  Chang 

B.  CONTRACT  OR  GRANT  NUMBERfal 

F04701-75-C-0076 

.1 

■J 

9 performing  organization  name  ano  address 
The  Aerospace  Corporation 
El  Segundo,  Calif.  90245 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A »ORK  UNIT  NUMBERS 

> 1 controlling  office  name  and  address 

Space  and  Missile  Systems  Organization 

12.  REPORT  DATE 

15  January  1976 

Air  Force  Systems  Command 
Los  Angeles,  Calif.  90009 

IS.  NUMBER  OF  PACES 
12 

. 

•4  MONITORING  agency  name  A ADDRESS^//  dlHmnnt  horn  Centnltint  Otlle») 

’S.  SECURITY  CLASS,  fot  thia  ta^ott) 

Unclassified 

i 

1 

ISa.  DECLASSIFICATION/DOWNCRADING 

schedule 

16  Distribution  statepent 

Approved  for  public  release;  distribution  urilimited 

17  distribution  ST  ATEMENT  (ot  thm  mbrnttmct  wntmfd  in  Stock  70,  ti  dithrmtt  Item  Report) 

IB.  Supplementary  notes 

19  KEY  WORDS  (Contlnu*  on  r«v«r«o  «/d«  //  noemoomry  mtd  idonttty  try  blocA  numbor) 

Vapor  Pressure 
N-  nitrosodimethylamine 

20  ABSTRACT  (Conllnum  on  revoroo  tld»  it  nocoMurjr  and  Idanlltr  by  block  numbar} 

The  vapor  pressure  of  N-nitrosodimethylamine,  NDMA,  from  0 to  40“ C 
has  been  measured.  Equations  have  been  derived  for  the  equilibrium  vapor 
pressure  and  for  the  standard  Gibbs  energy  of  vaporization  as  functions  of 
temperature.  The  pertinent  thermodynamic  properties  AG°,  AH°,  and 
AS°  at  298.  15  K have  been  presented. 

1 

DO  1473 

IF  A CSiMl  lE  1 

• 

t 

UNCLASSIFIED 

security  classification  of  this  pace  Dmtm  Bntfd) 


CONTENTS 


I.  INTRODUCTION 

II.  EXPERIMENTAL  PROCEDURE 

III.  RESULTS  

REFERENCES  


TABLE 


1.  Vapor  Pressure  of  NDMA 


FIGURES 


1. 


2. 


Apparatus  for  Vapor- Pressure  Measurement 
Vapor  Pressure  of  NDMA 


t 


I.  INTRODUCTION 


N-nitrosodimethylamine,  NDMA,  has  been  reported  to  be  carcinogenic 

to  animals.  Nitrosamines  are  easily  produced  by  chemical  and  bacterial 

action  oi  secondary  amines  in  the  presence  of  nitrites.  NDMA  has  been 

4—  S 

found  in  foods,  soil,  and  some  industrial  waste  solutions.  Accidental 

spilling  of  NDMA  and  disposal  of  waste  solutions  containing  NDMA  may 

present  serious  health  and  environmental  hazards.  In  order  to  calculate  the 

possible  level  of  NDMA  contamination  in  spilling  and  in  the  disposal  of  waste 

solutions,  it  is  necessary  to  know  the  vapor  pressure  of  NDMA  as  a function 

of  temperature.  There  are  no  reliable  data  on  the  vapor  pressure  of  NDMA. 

The  only  value,  about  5 mm  at  room  temperature,  was  estimated  by 
7 

Bamford  in  1939.  The  vapor  pressure  of  NDMA  was  measured  from  0 to 
40°C  in  this  investigation. 


II.  EXPERIMENTAL  PROCEDURE 


The  static  method  of  vapor  pressure  measurement  was  used  in  this 
investigation.  The  apparatus  was  a conventional  manometric  type  (Fig.  1), 

3 

A sample  bulb,  approximately  10  cm  , was  connected  to  a mercurial 
manometer  of  8 mm  o.d.  and  150  mm  length.  A glass-coated  mag  etic  bar 
was  placed  in  the  sample  bulb  for  stirring  the  liquid  sample.  Both  sides  of 
the  manometer  could  be  evacuated  either  separately  or  simultaneously 
through  Stopcocks  A,  B,  and  C (Fig.  1). 

The  general  procedure  for  a vapor  pressure  determination  was  as 
3 . . 

follows;  A 5-cm  sample  of  liquid,  better  than  99%  pure  (Eastman  Organic 
Distillation  Products),  was  injected  into  the  bulb  with  a syringe.  The  bulb  and 
manometer  assembly  was  attached  to  a vacuum  line  by  a clamped  ball  and 
socket  joint  at  D.  In  order  to  expel  the  air  in  the  system  and  the  dissolved 
gases  in  the  liquid,  the  following  procedure  was  adopted.  The  liquid  sample 
in  the  bulb  was  frozen  with  liquid  nitrogen,  and  the  entire  system  was 
evacuated  thoroughly  by  a vacuum  pump  with  a liquid  nitrogen  trap.  The 
sample  was  isolated  from  th  rest  of  the  system  by  closing  Stopcock  C.  The 
sample  was  then  melted,  sti  red,  and  evacuated  for  a few  seconds  by  open- 
ing and  closing  Stopcock  C.  stopcock  C was  closed,  and  the  sample  was 
frozen.  The  bulb  was  evacua  ?d  again.  While  the  sample  was  still  frc  .en. 
Stopcock  C was  closed  and  th«  <’ntire  bulb  and  manometer  assembly  was  sub- 
merged to  Stopcock  A in  a thermostatic  bath.  The  other  side  of  the  manome- 
ter was  evacuated  continuously  through  Stopcocks  A and  B.  Manometric 
readings  were  taken  until  equilibrium  was  reached,  usually  10  to  15  min. 

The  sample  side  was  evacuated  for  a few  seconds,  and  the  manometric 
readings  were  taken  again.  The  process  of  evacuating  and  reading  was 
repeated  until  reproducible  equilibrium  readings  were  obtained. 
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M.  H.  Mach,  Chemistry  and  Physics  Laboratory,  The  Aerospace 
Corporation,  determined  this  value  by  means  of  gas  chromatography 
mass  spectrometry. 

Preceding  page  blank 
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The  manometer  was  read  to  within  iO.Oi  mm  with  a precision  cathetometer. 
The  thermostatic  bath  temperature  was  measured  with  a calibrated  ther- 
mometer to  ±0.02“C.  The  accuracy  of  the  foregoing  experimental  procedure 
\*.as  checked  previously  by  using  pure  water;  the  vapor  pressure  of  water 
was  obtained  within  0.3%  of  the  published  value  of  23.76  Torr  at  25°  C. 
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III.  RESULTS 


The  results  for  tiie  vapor  pressure  measurements  of  NDMA  from 

0 to  40*C  are  presentee  in  Table  1.  A plot  of  logj«  P'  (mm  Hg)  versus 
3-1 

10  /T  in  K for  NDMA  is  shown  in  Fig.  2.  The  linear  equation  for  tiie 
vapor  pri-ssure  of  NDMA  as  a function  of  temperature  is 


log.  P'  (mm  Hg) 


2537 


+ 9.415 


The  constants  in  Eq.  (1)  are  obtained  b_  the  method  of  least  squares.  The 
data  are  represented  by  Eq.  (1)  with  an  average  deviation  of  ±3.7%. 

Table  1.  Vapor  Pressure  of  NDMA 


t rc) 


P'  (mm  Hg) 


20.0 


39.5 

40.0 


2.96 

6.21 

10.90 

19.54 

19.50 


The  standard  Gibbs  energy  of  vaporization,  AC  , is  obtained  by 


AG  = - RT  In  P (atm)  = - 4.  5756T  log  P (atm) 


substitution  into  Eq.  (1);  the  result  is 


AG  = 11,608  - 29.90T 

Preceding  page  blank 
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LOGin  P'  ImmHgUNDMA) 


Fig.  2.  Vapor  Pres.sure  of  NDMA 
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The  standard  endialpy  and  entropy  of  vaporization  are  obtained  by  the 
thermodynamic  relation 


AG°  = AH°  - T AS° 


(4) 


where  the  superscript  o represents  1 atm  as  the  standard  state  for  each 
phase  of  the  pure  component.  The  relevant  thermodynamic  properties  of 
NDMA  a':  25®C  are  as  follows: 

1.  Standard  Gibbs  energy  of  vaporization 


h 


AG^gg  j5  = -2,693  cal/mol 
2.  Enthalpy  of  vaporization 


AH298  ji;  = 11,608  cal/mol 


3.  Entropy  of  vaporization 
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